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MORPHOLOGICAL AND PATHOGENIC CHARACTERISTICS
OF COLLETOTRICHUM TRIFOLII BAIN ET ESSARY,
THE ALFALFA ANTHRACNOSE INDUCER
ABSTRACT: During summer and autumn, easily recognizable diseased plants can be
detected in alfalfa fields. Diseased plants have characteristically curved apical part, com-
monly known as “shepard's hook". Using the standard mycological methods, several fungi
isolates were obtained. Four of these isolates were used for further study. Two standard
mycological methods were used for determination of pathogenicity of Colletotrichum spp.
isolates: with and without damaging of the stems. During these studies, it was determined
that all of the isolates were causing the symptoms of alfalfa anthracnose. All of the selected
isolates form germinative bodies — acervulae — on mycelium. Acervulae can be grouped
or scattered across the colony area. Their size in the culture was 100—250 mm. Conidia
were short, cylindrical, relatively broad, with both end obtuse 7,85 x 3,85 mm. Appressoria
were ovate to obovoid, pale to medium brown 7,5—16,5 x 5,5—8,9 µm.
KEY WORDS: Colletotrichum trifolii Bain et Essary, alfalfa, morphology, patho-
genicity
INTRODUCTION
Colletotrichum trifolii Bain et Essary, inducer of alfalfa anthracnose, is
widespread in many areas in Central Serbia and Vojvodina. Considering that
and, also, the damage it can cause, anthracnose is economically very important
disease (R o b o t i ã i sar., 1983; R o b o t i ã i K l o k o å a r - Š m i t, 1983).
The damage caused by this pathogen agent can be seen trough decreased
quantity and quality of green mass from 10 to 70%, depending on the alfalfa
cultivar, pathogen species and edaphic factors (S t u t e v ille a n d Erwin ,
1990).
The effect of this disease is a decrease of the alfalfa field duration. An-
thracnose decreases vigor of the individual plants and thins out the plant popu-
159lation. During summer and autumn, the diseased plants start to appear in the
alfalfa fields. These diseased plants have characteristic appearance. Several
stems of the plant have yellow to silverfish color and start to show the signs
of wilting. The apical part of the plants is curved down, forming the so-called
“shepard's hook". These symptoms correspond with symptoms described in
the other countries by various authors (O s t azeski e tal., 1969; D e v i n e
et al., 1971). In our country, authors that have studied this fungus are R o b o -
t i ã i sar. (1983a); Milijiã i sar. (1986); V a s i ã i sar. (2005).
Considering the damage that anthracnose induces in the alfalfa fields in
our country and considering the fact that this disease was not studied in detail,
this study was performed. The aim of this study was to collect the isolates of
Colletotrichum spp. in Serbia and to study its pathogenicity and morphological
characteristics. A detailed study of alfalfa anthracnose inducer enables us to
understand pathologic processes and possibilities for eradication of this patho-
gen agent.
MATHERIAL AND METHODS
Using standard mycological methods, several fungi isolates were obtained.
For the further study, four of these isolates were selected, while the fifth iso-
late CBS 158.83 was imported from the Netherlands. These five selected Col-
letotrichum spp. isolates (Luc-7, Luc-17, Luc-27, Luc-33 and CBS 158.83)
were further tested by using two different methods. Alfalfa cultivar K-28 was
used for this experiment. The plants were sampled from fields and transplanted
into vessels. Two methods of inoculation were used. The first method (A) is
based on inoculation of the damaged alfalfa plants by applying fragments of
Colletotrichum spp. colonies of the studied isolates. The second method (B) is
based on inoculation of the undamaged alfalfa plants by applying colonies
fragments, too. The marks used for the evaluation of the plants range from 1
t o 5 ( Ostazeski e t al., 1969).
The macroscopic and microscopic morphological characteristics of the se-
lected isolates were studied. The basic characteristics of the colonies were con-
sidered and described for macroscopic study. The morphological traits of the
five selected Colletotrichum spp. isolates (Luc-7, Luc-17, Luc-27, Luc-33 and
CBS158.83) were studied on the nutrient medium using the method of B a x -
t e r et al. (1983). The morphological traits of appressoria of the studied isola-
tes were determined using a modified method after H a w k s w o r t h (1974).
The presence or absence of sets in the culture was determined using the
method by S m i t h and B l a c k (1990). Also, the possibility of forming te-
leomorphic state in the isolates was studied according to B a x t e r et al.
(1983).
160RESULTS
Symptoms
During a three year period, in summer and autumn, it has been determi-
ned that diseased plants appear in the alfalfa fields. These plants have charac-
teristic appearance. Several stems of one plant or shrub have yellow or silvery
color and start to wilt. The diseased plants have characteristic curved apical
parts, which form the so-called “shepard's hook".
At the lower parts of the diseased plant, the most often at the lower third,
light to dark brown spots with black borders can be seen. Mycelium of the pa-
rasite grows right down trough the stem, and when the stem withers, the
so-called “crown anthracnose" starts to show. The infection of the plant and
root crown is characterized by dry rotting that stains the infected tissue in
blue-black color (Fig. 1.).
Pathogenicity assessment
All of the studied isolates have caused the symptoms of alfalfa anthrac-
nose on the plants that were treated using both quoted methods (A and B).
The control group of plants did not develop these symptoms, since they were
inoculated with the substrate that did not contain mycelium. However, the
intensity of the symptoms was different between the used methods after 15
days. The intensity of the symptoms in the first method (A) was somewhat
stronger than the intensity of the symptoms in the second method (B). This
can be explained by the fact that conidia have needed some time to start ger-
minating, to form the appressoria, to penetrate cuticle and to infect the plant.
Thirty days after the infection, there weren't any significant differences in the
expression of the symptoms between the quoted inoculation methods (tab. 1).
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Fig. 1 — “The shepard's hook" and the symptoms on the rootTab. 1 — The pathogenicity of the five Colletotrichum spp. isolates on the alfalfa, assessed by
using two different inoculation methods.
Isolates
Method A Method B
After 15 days After 30 days After 15 days After 30 days
Luc-7 + ++ + ++
Luc-17 ++ +++ + +++
Luc-27 ++ +++ + +++
Luc-33 ++ +++ + ++
CBS158.83 ++ +++ ++ +++
Control ————
LEGEND: — no lesions (class 1),
+ lesions are present on the stem, but there are no withered stems (class 2),
++ numerous lesions on the stem, stem starts to wilt (class 3),
+++ stems are withered and dry (class 4).
Morphological characteristics
On the very first day, on the KDA medium, studied isolates Luc-7,
Luc-17, Luc-27 and Luc-33 form white mycelia 3—4 mm in diameter. When
the colonies reach 40—55 mm in diameter, the middle part of the colony starts
to turn darker and gains green or olive green coloration, while the colony bor-
der still keeps white coloration.
Also, as it ages, the colony develops uniformly. It gains olive green to
gray coloration (Fig. 2), on the entire surface. Also, it creates acervulae and
pink spore mass. The studied Colletotrichum spp. isolates formed germinative
bodies — acervulae. Acervulae were small in size, misshapen or round, pale to
dark brown, almost black in color and stromatic. Acervulae that were formed
in these cultures were 100—250 mm in diameter. It was also determined that
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Fig. 2 — The appearance of the colonies on the KDA nutritive mediumthe isolates Luc-17 and CBS 158.83 formed
sets in the conidiomates. Sets were light to
dark brown in color, usualy straight, with
smooth or lightly wrinkled surface, often wi-
der in the basis and more pointed and some-
what darker at the top. Sets were septated
with 1—3 septs, and 45,5—65,45 x 3,2—5
mm in size (Fig. 3).
The average colony size was 7,85 x 3,87
µm. Insignificant differences between isola-
tes originating from different part of Serbia
were determined, while CBS 158.83 isolate
has formed significantly larger conidia. Ba-
sed on the quoted morphological criteria, all
of the studied isolates were positioned into
isolates with dominant cylindrical conidia,
smooth at both ends (Fig. 4).
During germination, conidia undergo cer-
tain morphological changes. First, the coni-
dia swell up, after which they often lose
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Fig. 3 — Appearance of the sets in
the isolate Luc-17 and CBS 158.83
Fig. 4 — Conidia appearances of the studied
C. trifolii isolate Luc-27
Fig. 5 — Conidia of isolate Luc-7 starts to
germinate, while septa are not formedtheir granular content and become more transparent, while in their equatorial
part there is no development of the septum (Fig. 5).
On the apical parts of the germinated initial hyphae or their branches, ap-
pressoria or secondary conidia can be often formed. Formed appressoria were
light brown or hyalic at first, but, in time, oil globules are formed, and their
outer walls become thicker, after which they become dark brown in color.
Average dimensions of the appressoria were 7,5—16,5 x 5,5—8,9 m (Fig. 6).
All of the studied Colletotrichum spp. isolates obtained from Central Ser-
bia and Vojvodina, as well as the control isolate CBS 158.83 obtained from
the Netherlands did not form perithecia.
DISCUSSION
After the study of pathogenicity of the C. trifolii isolates obtained from
Serbia it was determined that there had been expression of the symptoms of
anthracnose in the inoculated plants. B a x t e r et al. (1983) point that Col-
letotrichum trifolii, when cultivated on KDA medium, forms acervulae. The
same is with our results. According to B a x t e r et al. (1983), S t u t v e i l l e
and E r w i n (1990), conidia are cylindrical, rounded at both ends, 11—15 x
3—5 µm in size, which corresponds to our results. G r a h a m et al. (1976)
point that phytopatogen fungus C. trifolii rarely forms sets in the culture. The
similar results were achieved in our study. Studies of B a i l e y et al. (1992)
and B a x t e r et al. (1983) point that phytopatogen fungus of Colletotrichum
spp. genus has the ability to form appressoria when infectious hyphae touches
solid surface. This fact also corresponds to our results. B a x t e r et al. (1983)
point that teleomorphic state was never found in association with anamorphic
state in the culture.
On the basis of the symptoms found in fields, and pathogenic and mor-
phologic traits of the five selected isolates of the studied fungus, it has been
determined that they are similar to Colletotrichum trifolii Bain et Essary spe-
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Fig. 6 — Appressoria of the isolate Luc-27,
formed in the culturecies. According to S u t t o n (1992), the morphology is the base for differen-
tiation of the species of Colletotrichum genus. However, according to this
author, it is necessary to use molecular methods to create a reliable system for
identification of species of this genus. Identification of the obtained Colleto-
trichum spp. isolates using somewhat modified C a n o et al. (2004) method
has shown that the isolates Luc-7, Luc. 17, Luc. 27 and Luc-33 are indeed
C. trifolii.
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Rezime
U toku leta i jeseni u lucerištu su zapaÿene obolele biqke lako prepo-
znatqive po boji i izgledu. Po nekoliko stabala na jednoj biqci dobijaju sla-
masto ÿutu do sedefastu boju i venu. Obolele biqke imaju karakteristiåan vrh
povijen nadole, u vidu tzv. “pastirske kuke". Iz zaraÿenih biqaka lucerke,
standardnim mikološkim postupcima, dobijeno je više izolata gqive, od kojih
su za daqa prouåavawa odabrana åetiri. Za proveru patogenosti ispitivanih
izolata Colletotrichum spp. korišãene su dve standardne mikološke metode: sa
povreðivawem stabqika lucerke i bez povreðivawa stabqika. Tokom ovih pro-
uåavawa utvrðeno je da su svi prouåavani izolati prouzrokovali simptome ka-
rakteristiåne za antraknozu lucerke. Svi odabrani izolati na miceliji obra-
zuju plodonosna tela — acervule, koje u okviru kolonija mogu biti grupisane u
jednom delu ili razbacane po celoj površini kolonija. Wihova veliåina u
kulturi je iznosila 100—250 m. U acervulama se formiraju mnogobrojne jedno-
ãelijske konidije koje su izduÿenog cilindriånog oblika, zaobqene na krajevi-
ma, veliåine 7,85 h 3,85 m. Posle klijawa konidija sva åetiri prouåavana izo-
lata formiraju apresorije, åije su dimenzije u proseku 7,5—16,5 h 5,5—8,9 m,
što je jedna od glavnih karakteristika fitopatogenih gqiva iz roda Colleto-
trichum.
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